INTRODUCTION
The term fetal growth restriction is used when the fetal weight is less than the 10 th percentile for the gestational age or at least 2 standard deviation below the mean weight for their gestational age (Lubchenco). 1 Incidence of IUGR is about 10% and it carries relatively poor prognosis because of increase perinatal morbidity and mortality. This is due to inadequate supply of oxygen and nutrients through the placenta, chromosomal anomalies and infections which adversely affecting the fetal outcome. The management of growth restricted fetus required accurate diagnosis to optimize the time of delivery .Placental insufficiency is the most common cause of IUGR, and the Doppler velocimetry is the only noninvasive method for assessing the fetoplacental hemodynamic status. It can be credited with causing a significant decrease in perinatal mortality and morbidity.
METHODS
It was a prospective study conducted at department of obstetrics & gynae in collaboration with radiology and pediatrics, Era's Lucknow medical college and hospital. The duration of study was 18 months. A total of 100 clinically suspected IUGR cases were enrolled in the study. A detailed history and examination was done, color Doppler carried out serially every three weeks starting from 30 weeks till delivery, subsequently confirmation of fetal growth restriction (FGR) was done by assessing the newborn parameters for growth restriction.
Doppler ultrasound was performed using the macro convex probe (3.5MHz). Pulsed wave Doppler mode and color flow mapping with simultaneous real time B-mode ultrasound imaging was used to locate and record the umbilical, uterine and middle cerebral artery waveforms.
The recordings were made with an angle of insonation being 30-60 degrees and when at least four waves of equal height appeared on the screen. S/D ratio, resistive index ratio, pulsatility index ratio and peak systolic ratio were recorded.
Primary outcome considered at birth was: Presence or absence of fetal growth restriction. Following parameters were noted at the time of delivery:
A. Baby's weight measured on braun's weighing scale and recordings on lubchenco's normogram. B. Length of the baby measured by infantometer C. Pondral index (birth weight in grams/length incm3). Index of <2 indicate growth restriction. Secondary outcome noted at birth was: A. Admission to NICU B. Neonatal death Management of patients was done as per the protocol of obstetrics and gynae department.
RESULTS
A Total of 100 clinically suspected IUGR subjects were enrolled for the purpose of this study. Determination of FGR was done by measuring the ponderal index of the babies at birth. Out of 100, 65(65%) cases were finally confirmed to be FGR (pondral index<2.5) while 35(35%) were found to be normal or no FGR (pondral index >2.5).
On color Doppler, In Umbilical artery-statistically significant difference in RI of two groups was seen at all time intervals. The mean RI in non FGR group was maximum at 33week (0.69+-o.11) and thereafter it showed a decline at 36 weeks and finally reached to 0.65+-0.08 at 39 week. In FGR group, the mean RI was maximum at 33 weeks (0.81+-0.18) and minimum at36 weeks (0.70±0.12). At 39 weeks the mean RI in FGR group was (0.70±0.13). At 30 week the cut of value of 0.68 was predicted to be 83% sensitive and &74.3% specific with a positive predictive value of 85.2% and a negative predictive value of 66.7% considering the early detectability and maximum accuracy, the 30 weeks cut off value was evaluated for diagnostic accuracy. Overall diagnostic accuracy of the test was found to be 78%. Umbilical artery S/D ratio as a marker of FGR (cut off value > 3.13 at 33 weeks) has sensitivity 70.8%, specificity 65.7% with a positive predictive value 79.3% and a negative predictive value 54.8 %. Overall diagnostic accuracy was found to be 69.0%. Uterine artery pulsatility index (cut off value>1.03 at 33 weeks) has a sensitivity 76.9%, specificity 82.9% with a positive predictive value 89.3% and negative predictive value 65.9%. Overall diagnostic accuracy was found to be 79.0%. Middle cerebral artery pulsatility index (cut off value >1.88 at 36 week) has sensitivity 66.2%, specificity 68.6% with a positive predictive value 79.6%, negative predictive value 52.2%. Overall Diagnostic accuracy was found to be 65.0%. showed to be 66.2% sensitive, 68.6% specific with a positive predictive value of 79.6% and a negative predictive value of 52.2%. Overall diagnostic accuracy of the test was found to be 67%. No statistically significant difference between two groups was observed as regards PSV at different time intervals. The mean PSV in both the groups was minimum at 30 weeks and maximum at 39 weeks. As no significant differences were observed between two groups at different time intervals, hence they were not further explored. 
DISCUSSION
Fetal growth restriction is a condition in which fetus does not reach its growth potential. It is a pathological condition strongly related to the development and function of the utero-placental and feto-placental circulation. An adequate fetal circulation is necessary for normal fetal growth .To facilitate this remarkable changes occur in the maternal, placental and fetal vasculatures. Doppler waveform analysis has definite role in obstetrics especially in the diagnosis of placental insufficiency and in establishing prognosis. Doppler velocimetry has improved our understanding of the patho-physiological processes leading to IUGR and our possibilities of monitoring fetal health.
In umbilical artery, the 30 week RI >0.68 showed to be 80.0% sensitive, 74.3% specific with a positive predictive value of 85.2% and a negative predictive value of 66.7%. Overall diagnostic efficacy of the test was found to be 78%. North et al 2 (1994) reported a sensitivity of 47% and a specificity of 91% for prediction of FGR. In present study, a relatively higher diagnostic efficacy was achieved, though the specificity was lower as compared to that of North yet the sensitivity was quite high. In the study of Kurmanavicius et al 3 the 95% percentile value of RI for umbilical artery at 30 week was found to be 0.9. Statistically significant difference in umbilical artery SD ratio of two groups was seen at all time intervals. The 33 weeks SD ratio >3.13 showed to be70.8% sensitive, 65.7% specific with a positive predictive value of 79.3% and a negative predictive value of 54.8%. Overall diagnostic accuracy of the test was found to be 69%. The umbilical artery SD ratio was found to be 66.6% sensitive and 45.4% specific for adverse perinatal outcome by lekhkar et al. 4 The present study reports a better efficacy as compared to that reported by Lakhkar et al.
Mean RI in uterine artery amongst non FGR group was found to be significantly lower as compared to FGR group at all gestational ages. In non FGR group with the progression of the pregnancy, the RI was found to be decreasing. At 30 week RI value >0.535 was found to be 84.6% sensitive, 82.9% specific with a positive predictive value of 90.2% and a negative predictive value of 74.4%.
Overall diagnostic efficacy was assessed to be 84%. Kurmanavicius et al in their study have shown resistive index to be decreasing slightly with increasing gestational age between 30-38 weeks of gestation. In present study too, a slight decrease in RI was seen in from 30-39 weeks. Our results are in close proximity with the results of Lakhkar et al who reported a mean value of 0.49 in normal and 0.65 in abnormal pregnancy group at 28 weeks and 0.45 in normal and 0.64 in abnormal pregnancy at 34 weeks. In present study, at 30 weeks the mean value in non FGR group was 0.47 and in FGR group was 0.63. The value decreased to 0.42 at 39 week in Non FGR group, but in FGR group it was found to be 0.64 showing a slight increment. Dugoff et al 5 in their study showed that women with a high uterine artery mean RI (>75 th percentile) even at first trimester were 5.5 times more likely to have IUGR as compared to lower uterine artery mean RI. Chung et al showed that uterine artery value >0.6 between 26-28 weeks gestation was an evidence of abnormal Doppler velocimetry and had an increase incidence of FGR. Statistically significant difference in uterine artery pulsatility index of two groups was seen at all time intervals. A mild negative correlation (r=0.408) between gestational age and pulsatility index was seen in non FGR group, however in FGR group it was seen to be almost stable(r=0.070). The 30 weeks PI >1.03 showed to be 76.9% sensitive, 82.9% specific with a positive predictive value of 89.3% and a negative predictive value of 65.9%. Overall diagnostic efficacy of the test was found to be 79%. Lakhkar et al showed a significant difference in mean PI of FGR and non-FGR groups. In their study too mean PI in normal pregnancy showed a continuous decrease from 28 week to 38 weeks while in FGR group the mean PI remained almost stable as in our study. Lubra et al 6 (2009) showed that PI had a sensitivity of 73% in detection of IUGR. In present study, we found a sensitivity of above 76% for 30 week PI value.
For middle cerebral artery, the 36 weeks RI >0.86 showed to be 60.0% sensitive, 71.4% specific with a positive predictive value of 79.6% and a negative predictive value of 49.0%. Overall diagnostic efficacy was found to be 64%. The 95 th percentile MCA RI at 36 weeks as obtained by Tarzmani et al 7 (2008 was obtained to be 0.88 which is too close to the calculated cut off value in present study. Kurmanavicius et al too reported a 95 th percentile value above 0.81 for MCA RI, thereby indicating that all these findings were suggestive of similar pattern. Statistically significant difference in PI of two groups was seen at all time intervals except at 30 weeks. A week negative correlation between time and PI was observed in non FGR group whereas in FGR group the correlation was almost negligible. It was observed that the differences between two groups were maximum at 39 weeks. The 36 week PI >1.88 showed to be 66.2% sensitive, 68.6% specific with a positive predictive value of 79.6% and a negative predictive value of 52.2%.
Overall diagnostic efficacy of the test was found to be 67%. Tarazamni et al reported a 90 th percentile value of MCA PI at 36 weeks to be 2.20 which is well above the cut off level in the present study. The middle cerebral artery PSV did not show a significant difference between two groups, hence it was not explored further. Mari G et al Observed that low MCA PI and MCA PSV might be valuable in clinical assessment of FGR fetuses that have abnormal UA Doppler.
The outcome in terms of mode of delivery revealed a significantly higher incidence of caesarean delivery in FGR group as compared to non FGR group. The reason for this could be imminent fetal distress. Though the proportion of FGR babies admitted to NICU was significantly higher as compared to Non FGR group, yet no significant difference was observed between two groups in terms of neonatal death. This indicates that with accurate diagnosis and adequate availability of hospital facilities, the FGR babies could be managed perinatally for a better outcome.
CONCLUSIONS
On the basis of observation made during the course of study the following conclusion were drawn.
 Doppler measurement for uterine artery showed higher efficacy as compared to umbilical artery and middle cerebral artery findings. The uterine artery RI was found to be 84.6% sensitive and 82.9% specific even at 30 weeks.  Uterine artery PI too showed a good diagnostic efficacy with an accuracy of 79%, a sensitivity of 76.9%, a specificity of 82.9%.  Both PI and RI for uterine artery showed a relatively higher specificity.  Among different umbilical artery measurements, umbilical artery RI was observed to be most efficient even at early stage (30) weeks. It showed a sensitivity of 80% and specificity of 74.3% and overall diagnostic accuracy of 78%.  Umbilical artery SD ratio had a sensitivity of 67.7% and 70.8% and a specificity of 62.9% and 65.9% at 33 weeks.  Middle cerebral artery RI and PI were found to show significant difference between non FGR and FGR groups and were observed to be 60% and 66.2% sensitive and 71.4% and 68.6% specific at 36 weeks.
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